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DISTRIBUTION OF SALTWATER IN THE COASTAL PLAIN AQUIFERS OF VIRGINIA

By 

J. D. Larson

ABSTRACT

The depth to the top of the zone of saline ground water 

(chloride concentration equals 250 milligrams per liter) in the 

Coastal Plain aquifers in eastern Virginia ranges from less than 

100 feet below sea level near the Atlantic Coast to greater than 

1400 feet below sea level on the Northern Neck Peninsula. 

Analysis of samples collected over the past 70 years from more 

than TOO wells completed in the Coastal Plain sediments show only 

local increases in chloride, principally in pumping wells located 

very near salty surface-water bodies; that is Chesapeake Bay and 

its estuarine tributaries. The present-day occurrence and con 

centration of chloride in the sediments is probably due to one, 

or a combination, of the following causes: incomplete flushing 

of marine deposits; concentration of salts by movement of water 

through clay-rich sediments; solution of former evaporite 

deposits; or intrusion of seawater, either natural or induced by 

pumping.



INTRODUCTION

The Coastal P lain province of Virginia is a 9,700-square-mile 

area covering the eastern quarter of the State (fig. 1). The area 

is underlain by a series of eastward dipping layers of sand, gra 

vel, marl, silt, and clay. These sediments, which range in age from 

Holocene through Cretaceous, thicken toward the east to form 

aquifers that are the most extensive and productive source of 

ground water in the State. Present purnpage exceeds 100 million 

gallons per day. As a result of this pumping, the potentioraetric 

surface of the major aquifer's has been lowered, natural discharge 

of freshwater has been decreased or been halted (Hopkins and 

others, 1931), and saline water may be intruding the previously 

freshwater aquifers. Concern by water suppliers and water-use 

planners about the effect of potential seawater intrusion on 

public and private water supplies prompted this study of the 

occurrence and extent of saltwater in these aquifers.

This report summarizes and evaluates chloride data on 

approximately 1,000 ground-water samples obtained during the past 

70 years from more than 700 wells completed in the Coastal Plain 

sediments in Virginia. The horizontal and vertical distribution 

of chloride concentrations are shown in a series of geohydrologic 

cross sections. Both historic and present-day chloride data were 

examined to assess the possible changes in concentration that may 

have occurred, and the possible origins of chloride in the sedi 

ments are discussed.
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Figure 1.--Map of Virginia showing area of study.
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HYDROGEOLOGY

The Coastal Plain of Virginia is underlain by eastward 

dipping and thickening beds of gravel, sand, marl, silt and clay. 

The sediments thicken eastward to greater than 2,000 feet at Norfolk 

and greater than 6,000 feet near Chincoteague on the Eastern 

Shore. The Fall Line, which marks the western edge of these 

sediments, extends approximately north-south through Washington 

D.C., Fredericksburg, Richmond, and Emporia. The Coastal Plain 

sediments are underlain by sedimentary rocks of Triassic and 

Jurassic age and by older metamorphic and igneous rocks.

Sands and clays of Early Cretaceous age overlie the basement 

rocks. These sediments, of nonmarine origin, are referred to as 

the Potomac Group. They contain the most prolific water pro 

ducing zones or aquifers in the Coastal Plain. Because major 

pumping centers in the Coastal Plain draw water from sands of the 

Potomac Group, these aquifers are the most vulnerable to 

saltwater intrusion due to pumping.

Overlying the Potomac Group are thin, discontinous marine 

sands and clays of Late Cretaceous age. These beds of high clay



content act as a confining layer between the Potomac Group and 

the overlying Eocene sediments.

Marine sands and marls of Paleocene and Eocene age, 

designated the Pamunkey Group, overlie the Cretaceous sediments. 

These sands are glauconitic and are referred to on drillers' logs 

as "black" or "pepper" sand. The Pamunkey Group has not been 

heavily stressed by pumping in Virginia, but yields up to 900 

gallons per minute have been reported from wells completed in 

these sediments.

The Pamunkey sediments are overlain by another sequence of 

marine sands and marls termed the Chesapeake Group of Miocene and 

Pliocene age. Sand lenses are less extensive here than in the 

deeper formations, but the Chesapeake Group does provide water 

for most domestic water supplies in the Virginia Coastal Plain 

and is the major source of water in areas where the deeper for 

mations are salty. The Chesapeake Group is overlain by a veneer 

of Quaternary sands, clays, and gravels.

CHLORIDE IN GROUND WATER

Chloride concentrations in ground water in the Coastal Plain 

sediments of Virginia range widely. Chloride concentrations 

within a given range do not appear to be restricted to particular 

aquifers but available data show that concentrations generally 

increase with increasing depth in a specific well. In order to 

map chloride concentrations, seven generalized geologic cross 

sections (figures 2-8) were constructed and the chloride values



FEET

Sea Level —

500 -

600 -

— Sea Level

700 -

800 -

900 -

1000 -

1100 -

1200 -

1300 -

1400 -

1500 <-

10 
L_

1 0 
I_

VERTICAL SCALE GREATLY EXAGGERATED 
DATUM IS SEA LEVEL

20 MILES 
I

700

- 800

- 900

- 1000

- 1 100

- 1200

- 1300

- 1400

-1 1500

54A4

• 360

500———

EXPLANATION

U.S.G.S. Local well number

Data point and chloride concentration, in milligrams per liter

LINE OF EQUAL CHLORIDE C 0 N C E N T R A T IO N^D ashed where approximately 
located. Interval 250 milligrams per liter. Datum is sea level.

Figure 2.--Geohydrologic cross-section A-A', from near Boykins to east of 
Dismal Swamp.



CQ C
 

—^
 

CD GO

0
3
 

O
CD

 
CD

CO
 

O
o
 

zr
 

rr
 

•< CL O
 

(Q O
 

O —•
< o CO CO
I

CO
 

CD o o =5 00 I 00 c_ CD QJ

CD
 

O

CD
 

O
 

05
 

Q
-

ro C
 

CO b CO

P
O en o 3 — CQ "
I CD 3 in -o CD

0 I i — O 6 m O
 

O
 

Z O m

^T o —
 !

Q
. 

CD O O 3 O
 

CD
 

D —
i

03

CD — ;3 C 3 C
T 

CD

m X ~D r~ > H o

o
 

co
 

>
 
o

C
^
S

 

C
O

 
m

m
 
>

rn
 

<
 

m
m

 
x
 

r~
 

> O
 

O
 

m > o

CO o 0

r\3 0 o

_i o o

0 o 0

CD O O

CO o o

^J 0 o

en o o

en o 0

.&>
.

o 0

CO o o

r\3 o 0

_,. o o

o < CD
_J

. o o

ro o 0

5 
1 

B
3

 
0
3

7
C

 1

5
8
C

4
7

5
8
C

3
5

5
9
C

2
7

6
3

C
 1

03

CQ 05

-
1 

-^
 

-i
. 

-"
• 

CD
 

CO
s
j
n

^
e

n
-
t
^
c
o

p
o

—
 i-
c
O

~
i

^
f
^
-
^
O

O
O

O
o
O

O
O

O
O

c
D

 
°

o
o
o
o
o
o
o
o
o
o
o
o
o
m

°
o

 
o

 
o

 
o

r~ CD CD

m
ro

 
rn

o
 

—
i

o



FEET 

200

1 00

Sea Level

1 00

200

300

400

500

600

700

800

900

1 000

1 1 00

1 200

FEET 

200

1 00

Sea Level

1 00

200

300

400

500

600

700

800

900

1 000

1 100

1 200

105 0 
I i l

1 0 
I

20 MILES 
_I

52F 1 

• 194

500 ———

VERTICAL SCALE GREATLY EXAGGERATED 
DATUM IS SEA LEVEL

EXPLANATION

U.S.G.S. Local well number

Data point and chloride concentration, in milligrams per liter

LINE OF EQUAL CHLORIDE C O N C E N T R A TIO N--D a she d where approximately 
located. Interval 250 milligrams per liter. Datum is sea level.

Figure 4.--Geohydrologic cross-section C-C', from Colonial Heights to Norfolk



FEET 

300

200

1 00

Sea Level

1 00

200

300

400

500

600

700

800

900

D
CM

D' FEET

-i 300

200

1 00

1680

1 0 
I_

1 0
1

20 MILES 
I

52L2

• 176

Sea Level

1 00

200

300

400

500

600

700

800

900

500 ———

VERTICAL SCALE GREATLY EXAGGERATED 
DATUM IS SEA LEVEL

EXPLANATION

U.S.G.S, Local well number

Data point and chloride concentration, in milligrams per liter

LINE OF EQUAL CHLORIDE CONCENTRATION--Dgshed where approximately 
located. Interval 250 milligrams per liter. Datum is sea level.

Figure 5.--Geohydrologic cross-section D-D', from near Hanover to Hampton



FEET 

200

1 00

Sea Level

1 00

200

300

400

500

600

700

800

900

1 000

1100 -

1200 -

1 300 L_

- 500

— Sea Level

- 600

- 700

- 800

- 900

- 1 000

- 1100

- 1200

-> 1 300

105 0 1 0 
I

20 MILES 
_I

VERTICAL SCALE GREATLY EXAGGERATED 

DATUM IS SEA LEVEL

EXPLANATION

53L1 U.S.G.S. Local well number

• 29 ° Data point and chloride concentration, in mill/grams per liter

LINE OF EQUAL CHLORIDE CONCENTRATION -Dashed where approximately500 ———
located. Interval 250 milligrams per liter. Datum is sea level

Figure 6.--Geohydrologic cross-section E-E', from near Penola to near 
Gloucester Point.

10



F'

Sea Level —

100 -

200 -

300 -

FEET 

200

100

400 -

500 -

600 -

700 -

800 -

900 L-

Sea Level

100

200

300

400

500

600

700

800

900

1 0 
I_

10 
I

20 MILES

54L9 

• 187

- 500 ———

VERTICAL SCALE GREATLY EXAGGERATED 
DATUM IS SEA LEVEL

EXPLANATION

U.S.G.S. Local well number

Data point and chloride cone entra tion.in milligrams per liter

LINE OF EQUAL CHLORIDE C O N C E N T R AT IO N-- D a she d where approximately 
located. Interval 250 milligrams per liter. Datum is sea level.

Figure 7.-~Geohydrologic cross-section F-F', from near Owenton to Eastville

11



FEET 

200

1 00

Sea 
Level

1 00

200

300

400

500

600

700

800

900

1 000

1 1 00

1 200

1 300

1400

1 500

1 600

CHESAPEAKE BAY

54P3

• 693

- 500 ———

VERTICAL SCALE GREATLY EXAGGERATED 
DATUM IS SEA LEVEL

EXPLANATION

U.S.G.S. Local well number

Data point and chloride concentration, in milligrams per liter

LINE OF EQUAL CHLORIDE C O N C E N T R A T IO N -- D ashe d where approximately 
located. Interval 250 milligrams per liter. Datum is sea level.

Figure 8.--Geohydrologic cross-section G-G', from Oak Grove to Chincoteague.

12



reported in chemical analyses were plotted at the depth of the 

well screens. Locations of the cross sections and wells are 

shown on plate 1. Chloride values shown on the cross sections 

are taken principally from wells within 5 miles of the section 

line. Lines of equal chloride-concentration were then drawn on 

each cross section. Finally a depth-contour map (plate 2) 

showing the depth below sea level of the top of the 250-mg/L 

(milligrams per liter) chloride-concentration zone was 

constructed. The 250-mg/L value is the U.S. Environmental 

Protection Agency (1976) recommended maximum for chloride in 

drinking water.

The depth to the 250-mg/L chloride-concentration contour 

ranges from less than 100 feet below sea level in the extreme 

southeast corner of the State, in the York-James Peninsula and 

part of the Eastern Shore, to greater than 1,400 feet below sea 

level in the Northern Neck area, as shown on Plate 2. The dashed 

lines in the extreme southeastern section, under the Chesapeake 

Bay, and on the Eastern Shore indicate a scarcity of data from 

these areas (see eastern ends of cross sections, figs. 2, 3, 4, 

5, 7, and 8) .

The -100-foot-depth contour of the 250-mg/L chloride con 

centration coincides closely with the mouth of Chesapeake Bay in 

the York-James Peninsula area. The configuration of the contour 

line indicates the presence of a wedge of saltwater at shallow 

depth, possibly due to the effect of tides in inhibiting flushing 

of the sediments by freshwater.

Analysis of data on chloride concentrations in ground water

13



on the Eastern Shore by Eugene Siudyla of the Virginia State 

Water Control Board (oral communication, 1980) indicates a 

slightly different configuration than that shown on plate 2. 

Siudyla suggests that the 250-mg/L chloride-concentration level 

is "depressed" beneath the central topographic ridge of the 

Eastern Shore peninsula and is shallower toward both the Atlantic 

Ocean and Chesapeake Bay shorelines. The dashed lines shown on 

plate 2 reflect this uncertainty in the depth to saltwater in the 

area.

HISTORICAL CHANGES IN CHLORIDE CONCENTRATIONS

In order to determine the extent of ground-water deteriora 

tion resulting from any saltwater encroachment, a comparison 

must be made between past and present water-quality data. Water- 

quality samples have been collected as part of several earlier 

studies of ground water in the Coastal Plain of Virginia. 

Chloride was one of the major ions analyzed and used to help 

define the ground-water flow system in these studies. In 

1979-80, an attempt was made to sample as many wells as possible 

for which chloride data from the first half of the century are 

available. Unfortunately, most of those wells were either 

destroyed or inaccessable for sampling. Data for 72 sites in the 

Coastal Plain for which more than one analysis is available are 

given in table 1. A criterion used in the compilation of table 1 

was a 5 year or greater time span between successive samples.

14
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The location of wells that had a chloride increase greater 

than 10 mg/L during their sampling period is shown on plate 1. 

The 10-mg/L concentration change was used to eliminate any 

discrepancies that have resulted from sampling or analytical 

errors. All wells that showed a significant increase in chloride 

are located near bodies of salty surface water with the exception 

of well 57M1 near Warsaw. Wells 56F1, 57G24 , 59G2, and 59G14 on 

the York-James and Middle Neck Peninsulas had reported chloride 

increases of 40, 30, 175, and 170 mg/L respectively. Wells 59M2, 

60J5, and 60K10 on the Northern Neck showed chloride increases of 

44, 20, and 37 mg/L respectively. Pumping from these wells may 

be inducing water from the nearby bays or estuaries. Saltwater 

drawn into an aquifer by heavy pumping can move directly into the 

well bore. If wells are gravel packed to near the surface, salt 

water can be drawn either upward or downward through the gravel 

to the well openings.

ORIGIN OF SALTWATER IN COASTAL PLAIN SEDIMENTS

The origin of brackish or saline water in the Coastal Plain 

sediments is not completely understood. The obvious source of 

saltwater is the ocean; Cederstrom (1943b) attributed the pre 

sence of chloride to incomplete flushing of marine-deposited 

sediments. With the exception of the Potomac Group, the sedi 

ments in the Coastal Plain of Virginia are of marine origin. In 

some places, brines which are saltier than normal seawater have 

been found in the sediments. These brines may have resulted from
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the movement of seawater through clays that acted as membranes to 

concentrate the salts, or by leaching of former evaporite deposits

Before any ground-water pumping occurs, saline water 

underlies freshwater in equilbrium with the prepumping water 

table or potentiometric surface. Any change in the altitude of 

this surface, such as lowering or drawdown caused by pumping, 

induces the saltwater to seek a new equilibrium with the 

overlying freshwater. The saltwater may move either laterally 

or vertically upward into the previously freshwater part of the 

aquifer. Figure 5 (cross-section D-D 1 ) shows an example of such 

"up-coning" of saltwater due to pumping.

SUMMARY AND CONCLUSIONS

Over 1,000 chemical analyses from more than 700 wells were 

evaluated to assess the location, extent, historical changes, and 

origin of saltwater in the Coastal Plain of Virginia. These data 

are put in a geohydrologic framework utilizing seven cross 

sections that show concentration of chloride at the depth 

sampled. Chloride values of 250, 500, 750, and 1,000 mg/L were 

contoured on the cross sections. The depth to the top of the 

250-mg/L chloride-concentration zone ranges from less than 100 

feet below sea level near the Atlantic Coast to more than 1,400 

feet below sea level on the Northern Neck Peninsula. A wedge of 

saltwater coincident with the mouth of Chesapeake Bay extends 

into the York-James and southern Middle Neck Peninsulas.
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Historical changes in chloride were found to be more a local 

than a regional phenomenon. More wells showed a decrease or vir 

tually no change in chloride concentration than wells which 

showed an increase in chloride. The greatest increase in 

chloride concentration, 175 mg/L was in a well at the 

southeastern tip of the Middle Neck Peninsula.

The obvious origin of saltwater in ground water of the 

Virginia Coastal Plain is the Atlantic Ocean. Present day 

chloride levels may be due to saltwater intrusion (either 

natural or induced by pumping), incomplete flushing of marine 

sediments, solution of former evaporite deposits, or con 

centration by movement of water through clay-rich sediments.
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